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AND ORBITER CONTROL EFFECTIVENESS DURING 
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By 
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ABSTRACT 


This report presents results from tests in the NASA/MSFC Tri sonic 
Wind Tunnel on 0. 004-Scale Orbiter and External Tank Force Models in Close 
Proximity (RTLS Abort Separation Conditions). 

The primary test objectives were to obtain data concerning proximity 
effects on the aerodynamic forces and moments experienced by Vehicle 2A 
Configuration Shuttle Orbiter and External Tank during an abort separation 
(Return to Launch Site) at a Mach number of 5. Additionally, data on 
orbiter control effectiveness during such an abort was obtained. Proxim- 
ity effects were investigated for relative angles of incidence from minus 
5 deg to plus 10 degrees of the orbiter FRL with respect to the external 
tank centerline over a range of vertical (Z - axis) and longitudinal 
(X - axis) displacements from the mated position to 2.5 tank diameters 
below and 3 tank diameters aft of the mated position. 
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NOMFJWtATtWK 


qWBOT. 

ilAUSAC 

SYMBOL 

nvPTHTTTOW 

II 


r.pi’i’il Oi: sound} in/ hoc , i’t/nop 

Cp 

CP 

proi’fiur" coot'l'icJont) ( p] - Pro)/*! 

M 

MACH 

Much number: V/n 

P 

>1 

Q(NSM) 

Q(PSF) 

pressure; W/tn 4 - . pot’ 

dyne Ate pressure; l/2pV® > N/ m’ , psl 

rm/l 

rn/l 

unit Reynolds number} per m, per ft 

V 


velocity} m/seo, ft/8ec 

a 

ALPHA 

angle of attack, degrees 


BETA 

angle of sideslip, degrees 

</> 

PSI 

angle of yaw, degrees 

<t> 

PHI 

angle of roll, degrees 

P 


masB density; kg/m^, slugs/ft- 



Reference & C.G. Definitions 

Ab 


base area; tn^> ft c 

b 

BREF 

wing span or reference span; ra> ft 

c.g. 


center of gravity 

4ef 

c 

LREF 

reference length or wing ween 
aerodynamic chord} m, ft 

S 

SREP 

wing area or reference area} tfl > f 


MRP 

moment reference point 


XMRP 

moment reference point on X axle 


YMRP 

moment reference point on Y axis 


ZMRP 

moment reference point on Z axis 

SUBSCRIPTS 

b 

1 

r* 

t 

CO 

base 

local 

static conditions 
total conditions 
free ntreom 
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n'Wkli' U'pur'i': ) 




In >< l. ( V • A - ! > - , : : -i -tu 


f/w.PAo 


I'VMi’.ol, 


■ 1 i! : Y : ' H« 

'll 

hi 

iiiirin 1 ' 1 ■• 'I l.-n!.: '• 

M< • 

( 'A 

('A 

■tx l ■: i • 1 ,or,M 

'|F 

( 'y 

rv 

; 1 1 M« > l*ni* ■■ • Hi'iif,; tVvm ‘ 

Mi' 


<‘AH 

h»T..-f..j nn ' Cl’ 1 i',l i '|i b i 

' t* ’ 

- F’lt " I'..)/'|C 

%' 

OAF 

forebody axial foreo i»nl, *• C^ 


cm 

pitHiing-mom- Mit ooeffi ej.< -nt ; pitdiluK moini *nt 


^hvM 

<\< 

^YN 

yaw in; -!-mow< M)t eoof fi a:! i*nt ; y nt, ? rl> . 

■ iHb 

( 'i 

cbl 

rollingMiioinont < 'o* *1T1 <d< nt ; 

l» *b 



Ctnbillty-Axi;: fly u turn 

r r, 

or, 

lift oooiTirj "nt ; 

Mil 

C D 

on 

dr a ff coefficient; 

<]B 

°Db 

CDB 

baao-drug coefficient; ??lV i lL.A 1 . , ;!ja 

-It’ 

(: T) r 

CDF 

forebody drag coefficient; c.^ ~ 

i: Y 

cy 

aide-force coefficient; M 

Mi* 

C tn 

oim 

pit ohinr -moment coefficient; yd tchtnj^ moment 


''"AtKF 

n 

n 

CLN 

yawlng-h iom< *nl coefl* i<*ionf.; V ' IW ^ *i£L 1 tl0TTU ’ n ^ 

<iflb 


Ci’L 

rolling -moment coefficient; rolling moment 

i|i>b 

L/l) 

l/u 

lift ~to~.l rag ratio; Cj/c^ 

L/l) f 

Ti/df 

lift to forebody drag ratio; t 


6 


NOMPNCIAIIIRI (Cmi« l;Hf’d) 
AfiniriilNAI NflMINCl AIUI'.I 


SYMBOL 

S APSAC 
SYMBOL 

DiriNITJON 

C A|U) 

CABO 

orbitor base ax ia l force cool lit ietil . 

(:a bi 

CABT 

external tank base axial force coefficient. 

%s 

CABS 

SRM base axial force coefficient. 

An 

DELTAA 

incremental change in angle of attack, alpha, 
degrees. 

ah 

DELTAS 

incremental change in sideslip angle, beta, 
degrees . 

AX 

DELTAX 

axial separation distance from mated position. 

AY 

DELTAY 

horizontal separation distance from mated position. 

AZ 

DELTAZ 

vertical separation distance from mated position. 

ACA f 

DLTCAF 

incremental forebody axial force coefficient. 

AC m 

DLTCLM 

incremental pitching moment coefficient. 

ac n 

DLTCN 

incremental normal force coefficient. 

,s a 

AILRON 

aileron, total aileron deflection angle, degrees, 
(left aileron-right aileron)/?. 

^e 

ELEVON 

elevon, surface deflection angle, positive 
deflection, trailing edge down; degrees. 

tS r 

RUDDER 

ruejer, surface deflection angle, positive 
deflection, trailing edge to the left; degrees. 

% 

RUDFLR 

rudder flare, split rudder deflection angle, left 
split rudder trailing edge left and right split 
rudder trailing edge right, ,S R (A r + )/2 
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CONI IHHRAMON'. I NVI M IliAII 0 


I'he Orbiter and lxfern.il lunl- mndrl ry (0.004 *.* .i|e) i\ '.liown 

In 1 1(110 '“. 2 and 0. !hc Orbilor mndrl was <<iii‘.trii< led ir.in«i <i lumimiiii lor 
the wing and sta i ill oss *> t.i *f* I lor the Oudv, I'lcvori'i, i ins and rudder 1 lari" 
Control Miidtlri* defied lour, ere obtained by tut >atr • ul dcl.aidiahle iirlait", 

■a * I - . I.n The do:. iced angle'.. I he model has provisions lor devoir, and rod 
der/nidder I 'I an? deflections oi the following < oinh i ti«i 1 ions : 


0", ■ 10 ", -70", "30" , 40" ( o,e von) 

■y »* 0", -10", - ( ) " (rudder) 

"K|. 0", 10", 40" (rudder flare) 


1 ho fxdrndl Tank model is constructed ot stainless steel in accor- 
dance with NASA MSKC drawings H0M42609 and 80M32 'j 92. When the models 
were independently sting -mounted on the 1WI Dual sting hardware, MSIC 
balance number 231 was mounted internally in the Orbi t r ‘'nth M r ’C bal- 
ance number 232 mounted internally in the external Tank. 

Standoffs we^e provided for attachment of the Orbiter t ir external 
tank in the mated position such that, data could be r 'ken, tng bal- 

ance number 232, with a single sting through t c . .••trna I i ink supporting 
the combination. 

While the orbiter model configuration is designated 0-13, the various 
components have their own series identifications as follows: 


Component 

Number 

Body 

BIO 

Canopy 

C5 

Manipulator Housing 

D7 

Mevon 

MB 

Body Map 

T4 

OMS Pod 

M3 

Rudder 

R5 

Vertical 

V 5 

Wing 

W87 


The external tank, Tg, is not broken into subassemblies. The dimen- 
sional data and descriptions of these components, as well as of the ex- 
ternal tank, Tg, appear in Table II. 


TEST CONDITIONS 


The test utilized the TWT Parallel Staging System (dual sting) model 
support hardware. Details of the construction and use of this test hard- 
ware are given in reference ?. Figure 4 indicates the manner in which 
the models were mounted on the dual stings for investigating the effects 
of vertical and longitudinal separation. Mounting the orbitor model in- 
verted on the lower sting permits the investigation of those combinations 
of relative incidence and orbiter angle of attack of greatest interest. 
Tank only or mated configuration data were obtained using the MSFC Double 
Knuckle Sting #3 and Balance Adapter #3. 

Relative pitch attitudes of the models in the tunnel were checked by 
inclinometer, using the dorsal surface of the orbiter, which is parallel 
to the fuselage reference line (FRL), and the constant-diameter section 
of the external tank. The roll attitude of the orbiter was verified to 
be zero following each change in lower sting length. 

The pattern of relative separations (vertical and longitudinal) and 
relative incidence angles investigated is shown in figure 5. 

The maximum tunnel blockage for this test occurred at 30 degrees 
angle of attack with the models in the mated configuration. The model 
cross-sectional area was approximately 6 square inches, such that the tun- 
nel blockage, at M = 4.96, was some 4 percent. 

No grit was applied to either model. 

Base pressure measurements were recorded for both models. A measure- 
ment of cavity pressure was also made for the orbiter model. The two base 
pressure tubes on each of the models were "teed" together to provide an 
average base pressure reading. The orbiter and external tank base and 
cavity areas, together with the desired pressure tube locations, are shown 
in figures 6 and 7. 

The nominal tunnel conditions prevailing during the test are given 
in Table III. 


TCVT FAfTbT rv MCV’KTI TTON 


Thi' Marshal 1 I'jvicu Flight C« m i i;< »r l4" x 1 4 " Tr.i :;on 1 c W • ml Tunnel It*, 'in inter- 
mil. Unit blowdown tunnel which operates l»,y high pressure n!r Howl nr Prom 
storage bo either vacuum or n tmospher to conditions. A Much number range 
from .P to r >*ttS in covered by utilising two interchangeable tent sections. 

TSv • transonic section permits tenting at Mach 0.P0 through P.^o, and the 
supersonic section permits testing nt Mach P.74 through 5 . 85 . Mach numbers 
between .P and *9 are obtained by using a controllable diffuser. The range 
from .95 to 1.3 is achieved through the use of plenum suction and perforated 
walls* Mach numbers of 1*4-4, 1*93 and P*50 are produced by interchanges! bio 
sobs, of fixed contour noss.le blocks. Above Mach P. hO a set of fixed contour 
no/s/.le blocks are tilted and translated automatically to produce any desired 
Mach number in .T'5 increments. 

Air is supplied to a M000 cubic foot storage tank at approximately -40°F i 
point and bOO psi. The compressor is a three-stage reciprocating unit driv • 
by a 1500 hp motor. 

The tunnel flo w is established and controlled with a servo actuated gate 
valve. The controlled air flows through the valve diffuser into the stilling 
chamber and heat exchanger where the air temperature can be controlled from 
ambient to approximately lf‘0°F. The air then passes through the test section 
which contains the nossle blocks and lest region* 

I mens l.r» ’am of l.he best section Is a hyd ran 1 1 ca j |y eon Lr» 0 .1 < *d pitch Sector 
tint, provides a total angle of attack range of ■ f° (Ho 11 ), PLlng oi‘fsets are 
••va .liable for obtaining various maximum angles of attack up to 90 °. 
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DATA REDUCTION 


Model reference dimensions used in data reduction are given in table 
I. It will be noted that three moment reference points (MRP) are speci- 
fied: One each for the orbiter and external tank when supported separately, 

and the nominal mated vehicle MRP (orbiter nose projection on external tank 
centerline) when the combination is supported on a single sting. 

All forces and moments were resolved in the body axis system and were 
resolved in the body axis system and were corrected for weight tares and 
sting deflections. 

The raw data obtained during runs with the Staging Assembly (dual 
sting) hardware were corrected for changes in model relative positions in- 
duced by the aerodynamic loads. These corrections were accomplished 
through use of the double interpolation program described in reference 3. 

During staging testing the individual model base axial force coef- 
ficients were determined in the following manner: 

CABo = ( p bo -i- p co - P„) ( Abo ) , Orbiter base axial force 
2 qSref coefficient 

CABj = ( p bE - p «) ^bE, external tank base axial force coefficient 
qSref 


For mated testing the following equations were utilized: 

CNu = , normal force coefficient uncorrected for orbiter 

qS re f base drag 

CN = CNy “ CNB 0 , normal force coefficient corrected for orbiter 

base drag 


CAF 

CY 

CLMu 

CLM 


= CAT - CAB 0 - CAB^, forebody axial force coefficient 


= , side force coefficient 

9 s ref 

= ^Y , pitching moment coefficient uncorrected for 

qSref 1 ref orbiter base drag 


= CLMu + CNB o *L_ - CAB ZJ , 

Vef Vef 


pitching moment coefficient 
corrected for orbiter base 
drag 
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DATA REDUCTION (Concluded) 


CYN 

= , yawing moment coefficient 

qS r efb r ef 

CBL 

= M x 

, rolling moment coefficient 


qS re ft>ref 

CNB 0 

= - CPB 0 

Abo sin i normal force component of orbiter 
S re f base drag 

CAB 0 

= - CPB 0 

^bo cos ib» axial force component of orbiter 
S ref base drag 

CABe 

= - CPBe 

\e , tank base axial force coefficient 
S ref 

where: 

cpb 0 

= ^^0 - P 00 , orbiter base pressure coefficient 


q 

Ph P 

CPB^ = ru E - ” , tank base pressure coefficient 

q 

i b = 12°, orbiter base slant angle (average) 

X 2 = 5.231 inches, axial moment arm for orbiter base 

drag 

Zl = 1.383 inches, vertical moment arm for orbiter 
base drag 
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14 x 14 inch Trisonic Wind Tunnel Technical Handbook" by Erwin 
Simon, December 22, 1964. NASA, George C. Marshall Space Flight 
Center. 

2. Northrop Services, Inc. M-9241-72-69, "MSFC 14" TWT Dual Sting Sup- 
port Mechanism Users Information," by Paul Cole, dated 10 May 1972. 

3. Northrop Services, Inc. M-9241 -72-67 , "Double Interpolation Program 
for Use with MSFC Staging Mechanism," by Paul Cole, dated 1 May 1972. 


'i'Asu.K 1, ^ruTi;i;/];y/iTJ:riAL TANK r i:!'V:! , i: , .w m: i , , -inr.:: j • i;i; 


FARA-METER 


OPBl'i'KH 

Full ^ca lo~ I Mod. ■! 


Reference Area 
< s ref> 


Reference Length 
^ ■'■ref ) 


Reference Span 
(b ref> 


Moment Reference 
Center (MRP) , 
from nose: 


Orb iter Alone 


External Tank 
Alone 


Mated Vehicle 


Base Area (A^) 


Cavity Area (A_) 


2690 ft 2 


1328.3 in 


1328.3 in 


1867.7 in 

(b6-u l re f 


M27.8 ft 2 


137.5 ft" 


6.198 in' 


5.313 in 


5.313 in 


On 


3.507 in 
FRL) 


i n2 


0.9R57 in 


0.3167 in 2 


EXTERNAL TANK 
Full Seale I Model Sraj.' 


2690 ft 2 


1328.3 in 


1328.3 in 


929.0 in 
(50% tank 


635 in 
(orbiter nos 
on tank £) 

572.55 ft 2 


6.198 in' 


5.313 in 


5.313 in 


3.716 in 
lebgth, on <£) 

2.540 in 

; projection 


1.319 in 2 
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omueo. balance 'data table 11 • r — - — - — 

tTEST : 57 \ ? IAGA') | DATA SET/RUN NUMBER COLLATION SUMMARY |DATE • /tfP-y ft 7 3 


* "V 




aL^jEESTitc?. .. 



TABLE II. (Continued) 

EST : MSFC 7WT 57! (j/6A) DATA SET/RUN NUMBER COLLATION SUMMARY [pATE : /rfj}/ ^ /£ 73 


'v 




COEFFICENTS 



DATA set run number COLLATION SUMMARY 


rail I 


t i *, t hum n u Min 


LT) O' ^ ^ N ^ 


?} Q 


>; Q 

t/) _ , 

Ui 

i Sr O 

5 ^ 

^ —— — 

m 

ui 

15% 


—■5a— I 

BBBBBBBBBBainnil 


o| 






° 9 3 




~ csj *0 ^ ^ 

o o o o o 

Jo 

2P 


o 

2 ? 

Q> 
































































TANK BALANCE DATA TABLE II. (Continued) 

fEST: MSEC 7WT 57 f (JA6A)\ DATA SET RUN NUMBER COLLATION SUMMARY 
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TEST! MSFC TWT 57 i 


TEST CONDITION 


MACH REYNOLDS 

NUMBfft NUMBER 

(par unit langth ) 

4.0b 4.8 x U) f 7 ft 


DYNAMIC 
PRESOUR E. 

(fjouncli/tq, 1 o o h 

MM WIT ■ 1 I I, ) 1 , l«-»5-8 

'1.07 


S TAONA HON 

I’ I MPCRATURE 
(angina* i ohmnhnlt 


5 rAONATlON 
PR LOMU HI. 

( |4fnind»/»q null) 



BALANCE UTILIZED: 


MSFC231 

CAPACITY: 

122 lbs. 

52 lbs. 

22 lbs. 

122 in. -lbs. 
30 in. -lbs. 

53 in. -lbs. 


ACCURACY: 


+ 0.61 

lbs 

+ 0.26 

lbs 

+ 0.10 

lbs 

+ 0.61 

in a 

+ 0.15 

in. 

+ 0.27 

in. 


COEFFICIENT 

TOLERANCE: 

+0.032 

+0.014 

+0.005 


COMMENTS: Accuracy based on +0.5* of balance capacity. 


MSPC • Form l*8-t (Rev. April t»tl) 








TEST SMBFC TWT 571 


TAHLF- III (Concluded) 


TEST CONDITION 


MACH 

REYNOLDS 

DYNAMIC 

S TARNATION 

NUMBER 
1 

NUMBER 
(par unit la >glh ) 

P RESfiUR E 
(pounda/ aq. Inch) 

TEMPI ft A I’UR f 
(daqraaa iphianhoH ) 


5 TARNATION 
I 'RID SUM I 


4. 90 I 4.8 x ury\ 


BALANCE UTILIZED: 


MSFC 232 
CAPACITY: 


ACCURACY: 


NF 

300 

lbs. 

+ 1.50 

lbs . 

SF 

143 

lbB . 

+0.72 

lbs . 

AF 

50 

lbs . 

+0.25 

lbs. 

PM 

400 

in. -lbs . 

+2.00 

in, -lbs 

RM 

100 

in . -lbs . 

+ 0.50 

in . -lbs 

YM 

192 

in • *“ 1 t)B • 

+0,96 

in. -lbs 


COEFFICIENT 

TOLERANCE: 

+0,079 

+0.038 

+0.013 


COMMENTS 


i: Accuracy based on + 0.5% of balance capacity 


MHb'C • form 318*1 (Rev. April lift) 
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Shoot. l o i in 


TABI-t: IV. MODEL COMPONENT DIMENSIONS 
H 3 DEL COMPONENT: Bio Wy 

GENERAL DESCRIPTION: r'.> inhwy, .'A Ow *’l r-r.n. 


Per If or kw *11 T.i r.< • s V 1, 70-0 w o " ( 


3rn.1»‘ ^ Q’!" 1 o.O' v. 

hMiauii^nDim «»-•*« ramsa umn -!y«. ■ ■y aitr j p 

DRAWING NPI^.-P: 

DIMENSIONS : 

length in* 

Max. Width -in. (a x* ~ 1528.3) 
Max. Depth —• in (oXg “ U8O.52) 
Fineness Ratio 
Area Ft 2 

Ma*. Cro^s-Sectional 

Planform 

Wetted 

•. Base •••*•• 


VL70-00008V "•<" 
VL70-0 1 .E>) 1 *. 1 . '</. "A" 


FULL -SO A LE 

1328.3 

265.0 

248.0 
5.012 


456.4 


■ nr-,' I."", 


MODEL sr;.; 

5.313 

1 .000 
0.992 
5.012 

1.826 


• » - 




3 
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TABLE IV. 
(Continued) 


Sheet 2 of 10 


. MODEL COMPONENT : Canopy - £5 

» • 

GENERAL DESCRIPTION: 2k Confirurit : nr. Pe- Linen 

VL7C-000QO2. 


Scale Model 83 Q.OCL 

DRAWING NL'MSER : VL70-00OQ92 

DIMENSIONS : FULL-SCALE MODEL SCALE 

Length (sta Fwd Bulkhead) 391.0 1.564 

Max. Width (T.S. 3ulkhead ) 560.0 . 2.240 

Max. Depth ;*rfp z = 421.922 to 2 * 500 ) ; 

Fineness Ratio 

Area 

Max. Cross-Sectional 

Planform • ______________ 

Vetted 


V 


TABLE IV Shoot 3 of 10 

(Continued;^ 


MODEL COMPONENT: Manipulator Pour.inr; 0-7 

GENERAL DESCRIPTION: 2A Confirmation Per MR Un^s VL70. 00009? 


Scale Model « 0.00/* 


DRAWING NUMBER: VL70. 000093 



DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length - in. 

851.00 

3.52L 

Max. Width - in. 

51.00 

. 0.202. 

Max. Depth — in. 

Fineness Ratio 

Area 

Max. Cross-Sectional 

23.00 

0.092 


Planfortn 
Wetted 
. Base 


Fuselage BP “ 0.00 

WP “ 500.0 DIFS 
X. 426.0 to 1307.0 INFS 


> 
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TABLE IV 
(Continued) 


Sheet 4 of 10 


MODEL COMPONENT: Elevon 5-18 

GENERAL DESCRIPTION: 2A Ccr.firuraticn Per W-87 


Rockwell Lir.es VL 7 0-0000°^ 


Data for (1) of (2) Sides 


Scale Model - O.OOL 



DRAWING NUMBER: VL70-000093 


DIMENSIONS: FULL-SCALE 

Area ^ FT 2 205. 52 

Span (equivalent T53. U 

Inb'd equivalent chord iil.78 

Outb'd equivalent chord . 55.00 

Ratio movable surface dhord/ 
total surface chord 

At Inb'd equiv. chord .208 

At Outb'd equiv. chord .LOO 

/ 

Sweep Back Angles, degrees 

Leading Edge 0.00 

Tailing Edge -10. 7k 

Hingeline o.oo 


Area Moment (Normal to hinge line)^FT3 isl 3 .o? 
Product of A^ea Moment 


MODEL SCALE 

0.001 

1.L13 

OJd SL 

0-220 


♦ 208 
♦ LOO 


0.00 


-10. 2k 


0.00 
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TABLE IV. 
(Continued) 


Sheet 5 of 10 


MODEL COMPONENT: 


? U Body 


GENERAL DESCRIPTION: 


2A Confirnr.iti.cn ? nr !!?. Linen 


SL70.0C00G/. 



Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area Ft 2 

Ma*. Cross-Sectional 
Flanform 
Wetted 
. Base,^ 





Sheet 6 of 10 


TABLE IV (Continued) 

MODEL COMPONENT: CMS pod - m . 

GENERAL DESCRIPTION: ?A Lipht Weight Con fi nitration Per NR Lines 

VL70-00009LA 


Scale Model 83 0.004 


DRAWING NUMBER: 


VL70-000094A 


DIMENSIONS: 


FULL-SCALE MOOEL SCALE 


Length 3/, 6.0 1.384 

Max. Width X<> * 1450.0 108.0 ,0.432 

Max. Depth x 0 » 1500.0 113.0 0.452 

Fineness Ratio _ _____ 

Area 

Max. Cross-Sectional _____ 

Planform ~ 

Wetted 

Base ___ 

♦ * , , , * 

. <kOF CMS POD * ' ’ 

WP » 463.9 INFS : WP 400 + 63.9 « 463.9 
BP - 80.0 INFS 
Length 1214.0 to 1560.0 - 


346.0 INFS 


TABLE IV (Continued) 


Shoot 7 of 10 


MODEL COMPONENT: R5-Ruddor 


GENERAL DESCRIPTION: 2A Confl rumt. Ion F or Rockwell Linen VL'70~OQ'X.)Q r > 


Scale Model = O.OOA 


DRAWING NUMBER: VL70-Q00095 


DIMENSIONS: 

Area /w p>j>2 

Span (equivalent) a- in. 

Inb'd equivalent chord 

Outb’d equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Normal to hinge line)~-FT3 


FULL-SCALE 

106.38 

201.0 

91.585 

50.833 

0.400 
0.400 


34.83 
- 26.25 
34-83 
526.13 


Product. of area and mean chord 


MODEL SCAL E 

0.0017 

0.80/. 

0.366 

0.203 


0.40C 


0.400 


,34^83,. . . 
26.25 
34.83 
0.00008 
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TABLE IV (Continued) 


MODEL COMPONENT: VERTICAL - V'- ( T . i.t t. 

GENERAL DESCRIPTION: o n 1 V r> 

A 1 r fr ' 1 v/H v > ! ? rv « " • * o ! [,<•*(. i*S* ' v!<m 


Wt . Orbit 'T Con^i r»;rat 


I’ol Till t Pry it 1 «‘ Wnjj^o 




Crain i - o, 00 ' 


DRAWING fJUMiiFR: 


VLvq^ooiif/o, 


DIMiFNS ICNG : 

TOTAL DATA 

Area (Thco) Ft^ 

PI an form 
Span (Thco) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0,25 Element Line 
Chords: 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius "--in. 
Void Area 

Blanketed Area '-T't 2 


FULL-SCALE 


413. PS 


315.7R 
1,6? : . 
0. v»// 

• 40a 


45.000 

26.240 

41.130 

268.50 
308.4V 
199. PI 

l/i/>3 . 

63s. SO ? 
0.00 


10.000 

it. sou 
2.00 
13.17 
12.67 


MODEL SC At 1 


0.007 



1 


« i;U.* 


000 

rr~ 


1.07/. 

O.a ' . 
o . v ■ ■ ' • 


O.00 


10.000 

IVWJ 

0 . o -• ■' 
5.00-'.' 

U.UO'V! 
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TABLE IV (Continue.!) 
MODEL COMPONENT : WING-W ^ 


GENERAL DESCRIPT I CN ,;r, 7 .y,;; ^n, 

Nrtnf (i'inf'Jr.-vi nr..’-" -ft" » <••• '• ■ ; ■ 

VI, ? 0 - OOOO'l'i n t. 12 » 7 r . . ' r ■' 1 ' ’ 1 1 • * 1 ’ I 1 " 1 ' IIL'iJ. — ,L — - - ---- ■ -*— • 

" ponaicvunr ? a - l;,u r.'U <. ) 


ficnlr: J.'fi ' ! 1 ‘1 0 


TEST NO, 


DIMENSIONS: 

TOTAL DATA 9 

A?Fa*TiVo.) Ft 2 

PI an form 
Span (Thao In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B. P.0.0. 
Tip, (Theo) B.P, 

MAC 

Fus, Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


EXPOSED DA TA 2 

Area ’Cfneo) Ft 
Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP103 
Tip 1.00 b 

MAC 2 

Fus. Sta. of .25 MAC 
W.P. <?f .25 MAC 

B.L. of .25 MAC . . 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b a O.L25 
2 

Tlpjb® i.oo 

Data for (1) of (2) Sides 
Leading Edge Cuff 2 
Planform Area Ft 

Leading Edge Intersects Fus M. L. 0 5ta 
Leading Edge Intersects Wing 0 Sta 3Q 


DWG. NO. 
FULL- SC A1 


2690.00 


1.17 7 

o . :jCb 
2 . too 
?.oou 

4 * 3.000 

45.000 
-10. PA 

^5.?oq 

639.24 

137.34 
474 . 31 
1135.39 
299 ♦ 2 f 1 
182.1 > 

1752.29 

TxntT- 

2. 05* 
.2451 

562.40 

137.34 

39'C 01 

nggr r 

300. £GT 

143. 76~ 


MODI I '.(All. 


t ) .( )} 


l I , , ■ ‘ I 


/, c ..orv\ 




p 7 57^ 

7f. V-T* 


1A2Z - 

Q. n 7°._ _ 

0. 02*3 

* »«<■ M » r , i, ‘ 

2‘.u53~ ~ 
■ 24 43 

2,2*0 
0.^-1 „ 

1 . 

U ♦ /ii 1 

l, 2Ul ' 

0.575. 


2 faO . 0 

io;v%o 


*4.1/ 


jyar '.vV^ r * *-#* * 




TABLE IV (Concluded) 


Sheet XO of 10 


MODEL COMPONENT : T9 - External Tank 

GENERAL DESCRIPTION : 2A Config urat ion per Koekwel 1 li ner . 


Bo dy of Revolution 
Scale Model = .004 


DRAWING NUMBER: 



DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length , in. 

Max. Width (Dia. ) , in. 

1826.0 

7.304 

324.0 

1.296 

Max. Depth 

Fineness Ratio , L/D 



5.73457 

5.73457 

Area, Ft 2 

Max. Cross-Sectional 

572.56 

0.00916 

Planform 



Wetted 



Base 

572.56 ■ 

0.00916 

Ref : 



FS (Orbiter) = 0.00 = Tank 

Station 635.0 Infs 


WP (ET) = WP400 (Orbiter) 

-344.4 Infs = 55.6 

Infs 


BP (Orbiter) 53 0.00 = 0.00 ET 

NOTE: T9 Similar to T8 except retro pkg . removed 

Nose of T9 has 30" radius FS 
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Figure 1. - Axis Sys 



Figure 2. - General Arrangement of Orbiter Model 





runnel Sta. 20 
(Sector Pivot) 



Figure 4. - Orbiter and External Tank Mounted on 

14x1 4-In. TWT Dual Sting Staging Meehan 




Figure 5. - Matrix of Pitch-Plane Displacements for 
Model Orbiter/External Tank Separation 




/ l_ Total Projected Area 

' (Including Cavity) 

A b 5= 0.9857 in. 2 

Cavity Area 9 

A_ = 0.3167 in. 

C 


Figure 6. - 


Definition of Base and Cavity Areas and Pressure Tube 
Locations. 
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External Tank Tg. 
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BASIC SEPARATION DATA- EXTERNAL TANK IN PRESENCE OP ORBITER 
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BASIC OATA- INTEGRATED 

CAjDELTAX= .00 












BASIC DATA- INTEGRATED Vth 
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TABULATED SOURCE DATA 


Plotted data available on request 
from Data Management Services. 
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